PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNAIIONAL APPLICATTON PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
H02K 19/()2, 55/00, 55/02, 55/04 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



(21) International Application Number: PCTAJS06/04298 

(22) International Filing Date: 17 February 2000 (17.02.00) 



(30) Priority Data: 
09/251,310 



17 Fcbniaiy 1999 (17.02.99) US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Application 

09/251,310 (CON) 
on 17 February 1999 (17.02.99) 



(71) Applicant (for all designated States except US): AMER- 
ICAN SUPERCONDUCTOR CORPORATION fUS/US]; 
Two Technology Drive, Westborough, MA 01581 (US). 

(72) Inventor; arid 

(75) Inventor/Applicant (for US only): KALSI, Swam, S. [US/US]; 
22 Minuteman Way, Shrewsbury, MA,01545 (US). 

(74) Agent: WALPERT. Gary, A.; Fish & Richardson P.C., 225 
Franklin Street, Boston, MA 021 10-2804 (US). 



WO 00/49703 

24 August 2000 (24.08.00) 



(81) Designated States: AE, AL, AM; AT. AU, AZ, BA. BB, BG 
BR, BY, CA, CH. CN. CR, CU, CZ, DE. DK, DM, EE.* 
ES. FI, GB, CD. GE. GH, GM, HR. HU. ID, IL, IN. IS. JP. 
KE. KG, KP, KR, KZ. LC, LK, LR. LS, LT. LU. LV, MA. 
MD, MG. MK. MN, MW. MX, NO, NZ. PL, PT. RO, RU 
SD. SB. SG. SI. SK SL, TJ, TM, TR, TT. TZ. UA, Uo' 
US, UZ, VN. YU, ZA, ZW. ARIPO patent (GH, GM, Ke] 
LS. MW, SD, SL, SZ, TZ, UG. ZW). Eurasian patent (AM. 
AZ, BY. KG, KZ, MD, RU, TJ, TM), European patent (AT 
BE, CH. CY, DE. DK, ES. FI, FR. GB. GR. IE, IT. LU. 
MC. NL. Pt. SE). OAPI patent (BF, BJ, CF. CG. CI, CM. 
GA. GN, GW, ML, MR, NE. SN. TD, TG). 

Published 

With international search report. 

Before the expiration of the time limit for {unending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: HIGH TEMPERATURE SUPERCONDUCTING ROTOR FOR A SYNCHRONOUS MACHINE 




(57) Abstract 

(35>. a^Sf wlXg S^pTS^c^SS 'T'^ ^ r"^-^- supe^onducting ficM winding 

«se,ve (40) concentrically ^Lg^^mnM M^l^^^^^^^ superconduct.ng field winding {35).-and a thermal 

material. TTie material is eWr clfctticaTco„lciWe^S»^T^^^^ ^ 00) includes a thennally conductive 

as beorllium oxide or alumSa rS^tn^^^^^J^IZ-^^^^^ """""^''^ non-conductive, for example, cenunics such 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international Applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Ausoralia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Builcina Faso . 

BG Balgaria. 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CP Central African Republic 

CG Congo 

CH Switzerland 

, CI C6te d*Ivoire 

CM •Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Gcnnany 

DK Dcnraart 

EE Estonia 



ES 


Spairi 


IS 


Lesotho 


SI 


Fl 


Finland 


IT 


Lithuania ' 


SK 


,FR 


France 


LV 


Luxembourg 


SN. 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Nfonaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav • 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


IT 


IE 


Ireland' 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


- Japan 


NE 


Niger 


VN 


KB 


Kenya 


NL 


Ncthcriands 


. YU 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


KP 


Democratic People's 


NZ 


New Zealand 






- Republic of Korea 


PL 


Poland 




KR 


Republic, of. Kovea 


PT 


Portugal 




KZ 


Kazakatan 


' RO 


Romania 




LC 


Saint Lucia 


RU 


- Russian Federation 




LI 


Liechtenstein 


SD 


Sudan 




LK 


Sri Lanka 


SB 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 
Slovakia 
Senegal - 
Swaziland 
Chad 
Togo 
Tajikistan 
Turkmenistan 
"nirkey 

Trinidad and Tob^o 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



wo 00/49703 



PCT/USOO/04298 



HIGH TEMPBRATURR fi UPERCQNDTTCTIMG Rn^ ^P 
FOR A SYNCHRONOUS MACHIMR 
^ Backgrou nd of the Invent: -inn 

This invention relates to a high. temperature 
superconducting rotor for a synchronous machine. 

Typically, a superconducting winding of the rotor 
in a superconducting machine is cooled with a cryogenic 
10 refrigeration system. In the event of a refrigeration 
system failure, the superconducting winding will heat and 
eventually quench, leading to total machine failure. 

Summary of the Invention 
A rotor having a thermal reserve arranged about a 
15 high temperature superconducting (HTS) winding is 
provided. In the event of a refrigeration system 
failure, the thermal reserve absorbs thermal energy from 
the HTS winding, thereby reducing the rate of increase of 
the temperature of the superconducting winding. 

accordance with one aspect of the invention, a 
high temperature superconducting rotor is provided . . 
including a high temperature superconducting field 
winding, a field winding support concentrically arranged 
about the high temperature superconducting field winding, 
5 and a thermal reserve concentrically arranged about the 
field winding support. 

. Embodiments of this aspect of the invention may 
include one or more of the following features. 

• The thermal reserve includes a thermally 
0 conductive material. The material is electrically 

conductive, for example, aluminum. The material includes 
segmentation normal to the rotor axis, along the rotor 
axis, or both. The material, for example, aluminum, is 
shrunk fit over the field winding support. 
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Alternatively, the thermal reserve includes a 
material that is electrically nonconductive, for example, 
a ceramic, including beryllium oxide or alumina. 

The rotor includes a banding concentrically 
5. arranged about the thermal reserve. The banding includes 
an electrically conductive material, for example, steel, 
an electrically nonconductive material, for example, 
Kevlar or glass fiber, or both. The banding includes 
segmentation normal to the rotor axis. 

The rotor includes an outer layer concentrically 
arranged about the thermal reserve. The outer layer 
includes a thermally nonconductive material. The outer 
layer includes either electrically conductive materials, 
electrically nonconductive materials, or both. 
15 Electrically conductive materials in the outer layer are 
configured to prevent the flow of eddy currents; for 
exartple, a layer of aluminum coated mylar, is used. The 
aluminum coating includes segments. A banding is 
concentrically arranged about the outer layer. • 
2^ In accordance with another aspect of the 

invention, a superconducting machine has a rotor. The 
rotor includes a high temperature superconducting field 
winding and a field winding support for securing the 
field winding. The support is electrically isolated from 
25 the field winding. An AC flux shield is concentrically 
arranged about the field winding. A thermal reserve is 
concentrically arranged about the AC flux shield. The 
machine further includes a stator. concentrically arranged 
about the rotor. 

I^ accordance with an embodiment of this aspect of 
the invention, a cryogenic refrigeration system is 
thermally coupled to the rotor. 

In accordance with another aspect of the ^ 
invention, a method is provided for limiting the rate of 
\S increase in the temperature of a superconducting winding. 
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..The method includes concentrically arranging a thermal 
reserve about and in thermal contact with the 
superconducting winding; 

Embodiments of this aspect of the invention may 
5 include one or more of the following features. 

The invention includes within the thermal reserve 
a thermally conducting material. Within the thermal 
reserve, an electrically nonconductive material is 
disposed between segments of an electrically conductive 
10 material. Within the thermal reserve, configuring the 
electrically nonconductive material to suppress eddy 
currents. The invention further includes concentrically 
arranging a thermally, nonconductive material about the 
thermally conductive material. 

Brief D escription of the Drawinaa 
Fig. 1 is a diagrammatic illustration of the rotor 
and stater assemblies of a superconducting machine. 

Fig. 2 is a cut-away view of the rotor assembly of 

Fig. 1. 

^° . ^^9- 3 is a perspective view of the rotor assembly 

of Fig. 2 with a banding surrounding a thermal reserve. 

Fig. 4 is a cross-sectional view of the rotor 
assembly of Fig. 2 with a thermal reserve, segmented along 
the axis of the rotor. 

^^9- 5A is a depiction of an outer layer that is 
applied to the -rotor assembly. 

Fig. 5B is a depiction of the aluminum portion of 
the outer layer, shown in Fig, 5A. , . 

Fig. 6 is a perspective view of the rotor assembly' 
30 of Fig. 2 with the thermal reserve segmented normal to 
the axis of the rotor. 

, Description of th ^ Preferred EmbodiniAnh 
Referring to Pig. 1, a superconducting machine 10, 
for example, a motor or generator, includes a rotor 
35 assembly 15 and a stator assembly 20 concentrically 
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arranged about rotor assembly 15. At the center 18 of 
rotor assembly 15 is a drive shaft 25. Rotor assembly 15 
is attached to drive shaft 25 to rotate with drive shaft 
25. Stator assembly 20 is stationary and includes a 
5 frame 45 and a stator winding 48. 

..Rotor assembly 15 includes a rotor winding support 
30 concentrically arranged about drive shaft 25 and 
enclosing rotor winding 35; Rotor winding 35 is made of 
a high temperature superconducting material of the type • 
10 that operates in the temperature range of 20-40 K. Rotor 
winding 35 is made, for example, using. the react -and- wind 
method, as known in the art, or using, a wind- and- react 
method, as described in Manlief et al . , U.S. Patent No, 
5, 798 > 678, entitled "Superconducting Wind -and-React -Coils 
15 and Methods of Manufacture," hereby incorporated by 

reference, or as described in Gamble et al . , U.S. Patent 
No. 5, 777,420, entitled "Superconducting Synchronous 
Motor Construction," hereby incorporated by reference. 

An AC flux shield 3 8 is concentrically arranged 
20 about winding support 30 preventing AC currents generated 
during motor transients from reaching rotor winding 35. 

Referring also to . Fig. 2, rotor winding support .3 0 
is made out of aluminum or other suitable structural 
material. Rotor winding support 30 acts as an AC flux 
25 shield if made from aluminum, copper, steel, or other 

electrically conductive material (for example, a material 
having an electrical resistivity of. up to about 50 micror 
ohms - cm) , dispensing with the need to have a separate AC 
flux shield 38 as shown in Fig. l. 
30 Concentrically arranged about winding support 30 

is a thermal reserve 40 thermally coupled to rotor 
winding 35 by rotor winding support 30. Concentrically 
arranged around thermal reserve 40 is a banding 50. 
Banding 50 secures thermal reserve 4.0 to rotor winding . . 
35 support 30. . . 
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. Referring to. Fig. 3, banding 50 is formed from a 
metallic material, such as steel, which is segmented ' 
along a cross -sectional plane normal to axis 53 of rotor 
assembly 15. Segmentation of banding 50 is achieved by 
placing, multiple individual bands (thre^ are shown) 
around thermal reserve 40. This" structure electrically 
isolate.s each individual band 52 preventing current/flow 
in a direction along axis 53 of rotor assembly 15. The 
isolation is provided by. a giap 55 between the individual 
bands. Referring again to Fig. 2, surrounding the 
banding is an outer layer 60 that shields rotor assembly 
15 from heat generated by stator winding 48. 

Connected to drive shaft 25 is a refrigeration 
system, for example, a crypcooler 70 operating with cold 
helium gas, for cooling rotor winding 35 during normal 
operation. Cold helium gas for cooling is fed through a 
port 72 in drive shaft 25. Ducts (not shown) in drive 
shaft 25 circulate the cold helium gas around rotor 
winding 35 to draw heat from rotor assembly 15. Cooling 
is aided by the use of cooling channels in both winding 
support 30 and thermal reserve 40. 

In the event of cryocooler failure, heat buildup 
in rotor winding 35 causes rotor winding 35 to lose its 
superconducting characteristics . The rate of heat 
buildup is reduced, however, by thermal reserve 40. 
Thermal reserve 40 is thermally conductive, having a 
thermal conductivity sufficiently high to limit the ' 
temperature differential between thermal, reserve 4 0 and 
winding 35 to some predetermined value. The 
predetermined value is dependent upon the specific 
application. In the disclosed embodiment, the thermal 
reserve has a sufficient thermal conductivity to limit 
the temperature differential at the boundary between 
thermal reserve 40 and winding 35 to at most, for 
example, about 10 K. Preferably, the differential will 
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be less than 5 K/ Even more preferably, the differential 
will be about IK. Thermal reserve 40 absorbs heat 
generated by rotor winding 35, decreasing the rate at 
which rotor winding 35 increases in temperature, 
5 prolonging the period in which rotor winding 35 remains 
within, the superconducting temperature range. 

Referring to Fig. 4 (in which for ease of 
discussion, rotor winding 35 and rotor winding support 30 
are illustrated as a single structure rotor winding 

10 combination 33), thermal reserve 40 is shown, divided into 
five segments 80 along axis 53 of rotor assembly 15. 
Each segment 80 is, for example, made of aluminum and is 
elejctrically isolated from the other segments by an 
electrically insulating material 85 made of, for example, 

15 metal oxides, epoxies, or Kapton*, a registered trademark 
of E. I. du Pont de Nemours and Company. The 
.segmentation suppress eddy currents otherwise resulting 
from the fields produced by stator winding 48. These 
eddy currents would produce heat losses in thermal 

20 reserve 40 decreasing the efficiency of the machine and 
reducing the time of operation during cryocooler^ failure. 

The additional operation time provided by thermal 
reserve 40 in the event of cryocooler failure is 
calculated by comparing the temperature increase of rotor 

25 winding combination 3 3 without thermal reserve 40 with 
rotor winding combination. 33 surrounded by thermal 
reserve 40.. ' ■' " . 

The field winding combination 33 has an inner 
radius Rl, for example, 0.5 meters (the radius of drive 

30 shaft 25), an outer radius R2, for example, 0.53175 
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meters, and a length, for example, 0.6096, m. The vol 
of the field winding . eombinat ion is: 

■ ir*(0.53175/n2-0.5in:2) *0;6096in=6.274*10*cin3 



If lield winding support 30 is made of aluminum, the . 
specific heat of field winding combination 33 can be 
5 roughly » , 

apprpximatied as equal to the specific heat of aluminum, 
which at 25 K is: 

T1=3.5*105-2£H:^ 



The heat capacity of winding combination 33 is determined 
by multiplyiner the volume of winding combination 33 by 
10 the 

specific heat and by the acceptable change in 

temperature. The acceptable change in temperature is 

determined by subtracting the' normal operating 

temperature of rotor winding 35 from the maximum 

.15 operating temperature, which is the quench temperature of 

rotor winding 35 decreased for some margin of safety. 

Typically, this maximum operating temperature will be 5 K 

above the normal operating temperature. The heat 

capacity of winding combination 33 under these conditions 
20 is: 

C'capacicy=6 . 274*10*c;n3*.3 . 5*10si^ii£*5iC=l . 098*1057ouie 
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The operating time following cryocooler failure is 

calculated by dividing the heat capacity of rotor winding 
combination 33 by the power loss in the field winding. 
Once this time is reached, the power loss will have 
5 heated the winding combination 33 to the maximum • 
acceptable operating temperature. . Typically, a 
superconducting machine will have a power loss in the 
superconducting winding of 25 watts, resulting in an 
operating time after crydcooler failure of 1.22 hours. 

y^^^^ 1^098*l0f2£HJe£ =1 . 22/2ours 



10 The operating time after cryocooler failure will 

now be calculated with the addition of thermal reserve 
40. Thermal reserve 40 is, for example, constructed from, 
aluminum and has a thickness, t, of 0.0381 m. The volume 
of thermal reserve 40 is: 

71 * (0 . 56992ir?-0 . 531752/n) * . 6096jn=8 . 038 *lb*C7n^ 



15 The heat capacity of thermal reserve 40 is the volutne 

multiplied by the specific heat of the material used, in 
this example, aluminum: 



Ocapacity-T R =8 , 038 *10^c/nH3 . 5*10^ J^}^^^ *5K^1 . 407 *105jouJe 
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Assuming the same 25 watt loss in field winding 35 as in 
the prior example, but this time adding together the heat 
capacities of . rotor winding combination 33 and thermal 
reserve 40 with the preferred thermal conductivity, the 
operation time available following a cryogenic 
refrigeration 
failure is: 

T,:.^- 1.407*10^iouIes*1.0 9e*10Moules n..u^„^^ 

25 watts ^.liiMiouzs 



Accordingly, the use of thermal reserve 40 with the 
indicated dimensions keeps the high temperature 
10 superconducting machine in operation for more than one • 
and a half additional hours. During this additional 
time, a. repair crew notified of the refrigeration system 
failure can much more likely repair or replace the 
refrigeration system, keeping the machine in operation,. 
15 Outer layer 60, shown in Fig. 2, will now be 

described in greater detail. Referring to Fig. 5A, outer 
layer 60 is composed of a multi-layer insulation, made of 
an interior layer 64 attached to a thin strong exterior 
layer material 66. Interior layer 64 is made of, for 
20 example, many layers of aluminized mylar. Surronding 
interior layer 64 is an exterior layer 66, preferably 
■ 1/16 inch thick, of Kevlar or other strong material, such 
as steel, a composite of GIO materials, or fiber 
reenforced epbxies . 
25 • Referring to Fig. 5B, the aluminum of interior • 

layer 64 is segmented with slots 68. Slots 68 are 
•arranged so eddy currents are suppressed. 

Referring again to Fig. i, st'ator winding 48 is 
• ma[de of conventional nonsuperconducting wire and is water 
30 cooled by the inclusion of cooling tubes . (not shown) both 
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interwound with stator winding 48 and fenclosed within 
frame 45.. There is sufficient increase in efficiency, 
power transfer,, and size reduction with the rotor winding 
alone being made of a superconducting material. .Frame 45 
5 is made of any suitable strong' material , such as steel. 

Alternative embodiments are within the scope of 
the following claims. For example, thermal reserve 40 
can be divided into 8, 10, or even more segments. In yet 
.another alternative embodiment, shown in Pig. 6, thermal 
10 reserve 40 is segmented normal to axis 53 to prevent the 
flow of currents in the direction along the axis of the. 
rotor, but segment-free along axis 53. Thick disks of 
material 100 are aligned along axis 53 and each disk 100 
is concentrically arranged about winding combination 33. 
15 Each disk 1,00 is electrically isolated from the others by 
ah insulating material 105. For example, each disk 10.0 
is made of aluminum and may be shrunk fit over the 
winding combination 33. 

In certaiin circumstances, the ease of construction 
20 of the rotor of Fig. 6 outweighs the losses generated by 
not segmenting the aluminum in a direction along the axis 
of the. rotor. It may also be desirable in certain 
applications to segment thermal reserve 4 0 in the 
directions both_ normal to and along axis 53 of the rotor 
25 in order to suppress both axial and normal currents . 

In yet another embodiment, thermal reserve 4 0 is 
made of an electrically nonconductive material, for 
example, beryllium oxide or alumina. The use of an 
. electrically nonconductive material prevents eddy 
30 currents from being generated in thermal reserve 40. 

In other embodiments, banding 50 is modified by 
inserting a nonconductive material between the individual 
conductive bands. By providing a . nonconductive material 
of sufficient strength, such. as Kevlar, glass filaments 
3.5 or fibers, or any other high-strength electrically 
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nonconductive material, the nonconductive material also • 
acts as a banding. Alternatively, banding 50 is made 
entirely of nonconductive materials. 

, In yet other embodiments,, exterior layer 66 of 

5 outer layer 60 is of sufficient strength to. also serve as 
banding 50. In this case, exterior layer .66 is provided 
with a greater thickness than would otherwise be 
necessary to secure outer layer 60 alone to rotor 
assembly 15. Exterior layer 66 can also be segmented 

0 normal tpaxis 53 of rotor assembly 15. 

In other embodiments, rotor winding support 30 is 
made of ar> electrically nonconductive material. 



What is claimed is: 
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1. A high temperature superconducting rotor, 
comprising: 

a high temperature superconducting field winding, 
a field winding support concentrically arranged 
5 about the high temperature superconductor field winding/ 
and 

a thermal reserve concentrically arranged about 
the field winding support . 

2. The rotor of claim 1 wherein the thermal 
10 reserve comprises a material that is thermally 

conductive . 

3 . The rotor of claim 2 wherein the thermal 
reserve comprises a material that is electrically 
nonconductive . 

15 4.. The rotor of claim 3 wherein the thermal 

reserve comprises a ceramic material. 

5. The rotor of claim 3 wherein the thermal 
reserve comprises Alumina. 

6. The rotor of claim 3 wherein the thermal 
20 reserve comprises Beryllium Oxide. 

.7. the rotor of claim 2 wherein the thermal 
reserve comprises an electrically conductive material. 

8: The rotor of claim 7 wherein the electrically 
conductive material includes segmentation in a direction 
25 normal to the axis of the rotor. 

9., The rotor of claim 7 wherein the electrically 
conductive material includes segmentation in a direction 
along the axis of the rotor. 
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10. The. rotor Of. claim 7 wherein the electrically 
• conductive material, comprises aluminum shrunk fit over 

the field winding support. 

11. The rotor of claim 1 further comprising a ■ 
5 banding concentrically arranged eibout the thermal 

reserve . . 

12. The rotor, of claim 11 wherein the banding 
comprised an electrically conductive material. 



10 



13. The rotor of claim 12 wherein the 
electrically conductive material includes segmentation in 
a direction normal to the axis of the rotor. 

14. The rotor of claim 11 wherein the banding 
comprises an electrically nonconductive material. 

, 15 . The rotor of claim 14 wherein the banding 
15 comprises Kevlar. 

16. The rotor of claim 14. wherein the banding 
comprises glass fiber. 

17. The rotor of claim 1 further comprising an 
outer layer concentrically arranged about the thermal 

10 reserve, the outer layer comprising a thermally non - 
conductive material . ... 

18. The rotor of claim 17 wherein the outer layer 
comprises an electrically nonconductive material . 

19. The rotor of claim 17 wherein the outer layer 
5 comprises an electrically conductive material. 
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. \ . 20. The rotor of claim 19 wherein the 
electrically conductive material is configured, to prevent 
the flow of eddy currents within the electrically 
conductive material;. 

21. The rotor of claim 20 wherein the outer layer 
comprises multiple layers aluminum coated mylar. 

22. The rotbr of claim 21 wherein the aluminum 
coating includes segment^ whereby'electric current does 
not flow in a direction along the axis of. the rotor. 

23. The rotor of claim 17 further comprising a 
banding concentrically arranged about the outer layer. 

24. A machine comprising: 

a rotor, said rotor comprising 

a high temperature superconducting field 
winding, 

a field winding support for securing the 
•field winding, the support being electrically 
isolated from the field winding, 

an AC flux shield concentrically 
arranged, about the field winding, 

and a thermal reserve concentrically 
arranged about the AC flux shield; and 
a stator concentrically arranged about the rotor. 

25. The machine of claim 24 further comprising a 
cryogenic refrigeration system thermally coupled to the 
rotor . . 

26. A method of limiting the rate of increase in 
the temperature of a superconducting winding, comprising: 
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concentrically arranging a' thermal reserve about 
and in thermal contact with the superconducting winding. 

27. The method of claim 26 wherein the thermal 
reserve comprises a thermally conducting material. 

28. The -method, of claim 27 further comprising: 

concentrically arranging a thermally 

nonconductive material about the thermally conductive 
material . , 

29. The method of claim 26 further comprising: 
configuring the thermal reseirve to suppress 

electric eddy currents from flowing about the • 
superconducting winding. 
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